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(57) Abstract: The invention relates to a phosphorescent polymer compound enabling stable 
emission of blue phosphorescence with ultra-high quantum efficiency, comprising a phosphores- 
cent repeating unit having phosphorescent property and a repeating unit represented by formula 
(1) below wherein X 1 and X 2 independently represent a hydrogen atom, a halogen atom, an alkyl 
group, an alkoxy group, an amino group, a cyano group, a carboxyl group, a carbonyl group, a 
hydroxyl group, an aryl group, an aryloxy group or a heteroaryl group. The invention also re- 
lates to light emitting material and organic electroluminescent (EL) device using the compound. 
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DESCRIPTION 

PHOSPHORESCENT POLYMER COMPOUND, LIGHT EMITTING MATERIAL AND 
ORGANIC ELECTROLUMINESCENT (EL) DEVICE USING THE COMPOUND 

5 

CROSS-REFERENCE TO THE RELATED APPLICATIONS 

This is an application filed pursuant to 35 U.S.C. Section 
111(a) with claiming the benefit of U.S. Provisional application 
Serial No. 60/392,426 filed July 1, 2002, under the provision of 
10 35 U. S .C . Section 111 (b) , pursuant to 35 U.S .C. Section 119(e) (1) . 

TECHNICAL FIELD 

The present invention relates to a phosphorescent polymer 
compound, light emitting material and organic electroluminescent 
15 (EL) device using the compound. 

BACKGROUND ART 

An organic electroluminescent (EL) device is a device having 
a sandwich structure where a thin organic film containing 

20 fluorescent organic compound or phosphorescent organic compound 
exists between a cathode and an anode . In such a device, excitation 
of organic molecules is generated (formation of exciton) by 
injecting holes and electrons into the thin organic film to 
recombine the charges, and light (fluorescence/phosphorescence) 

25 is emitted when the excited state moves back to the ground state. 

The organic EL device is advantageous in that light luminance 
of 10000 cd/m 2 or higher is achieved by applying a low voltage 
of approximately 10V, and that selective use of organic polymer 
enables emission of light from red to blue. Organic EL device, 

30 being self-luminous and not angle-dependent, enables a wide field 
of view and display with excellent visibility. Expectations are 
placed on organic EL device as leading candidates for future 
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full-color displays . 

The simplest organic EL device has a structure where a 
light-emitting layer is sandwiched between an anode and a cathode . 
For the purpose of improving emission ef f iciency, a typical type 
5 of the organic EL device contains a triple-layer structure where 
an electron-transporting layer is inserted between one electrode 
and the light emitting layer and an hole-transporting layer is 
inserted between the other electrode and the light emitting layer . 

Organic molecules are excited in two states, singlet state 

10 and triplet state. In the case of electrical excitation, the 
generation ratio of singlet excitation to triplet excitation is 
0.25:0.75. It is generally said that fluorescence is emitted from 
the singlet excited state and phosphorescence is emitted from the 
triplet excited state. Generally, deactivation from the triplet 

15 excited state occurs in a non-radiation process without 
light-emission . 

Since the singlet excited state is generated in a low ratio 
(0.25) as described above, the maximum quantum efficiency is as 
lowas 5% in an organicEL device using a fluorescent organic compound. 

20 On the other hand, in the case of phosphorescent emission, with 
the high generation ratio (0.75) of the triplet excited state as 
described above, there can be expected emission efficiency three 
times higher than fluorescent emission. 

A recent report (Appl. Phys . Lett., Vol. 75, page 4 (1999)) 

25 says that a very specific organic compound emits phosphorescence 
at room temperature, and that organic EL device using the compound 
has realized highly efficient emission. 

The organic compound contains metal complex having platinum 
or iridium in the center of the chemical structure thereof as 

30 phosphorescent compound, and the phosphorescent compound is doped 
to several-percent concentration into a host layer of carbazole 
or triazole compound. Highly efficient emission as high as 20% 
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has been achieved by an ingenious configuration of the device, 
attracting attention as a measure for attaining ultrahigh 
efficiency of emission. 

On the other hand, vigorous studies are being made on polymer 
5 organic EL device which is expected to be advantageous for larger 
display panel, higher definition and cost reduction. Polymer, 
being soluble in organic solvents and the like, can be applicable 
in coating methods using polymer in form of solution, such as spin 
coating method, printing method and ink jet method. Among them, 

10 ink jet method is attracting more attention as a promising measure 
for display production. 

Application of phosphorescence emission to such a 
polymer-type organic EL device would contribute to attaining light 
emission with higher efficiency. 

15 For instance, there is a recent report (Polymer Preprints, 

Vol.41, No. lp.770 (2000) ) about polymer-dispersed light-emitting 
device (EL device) using a light-emitting layer where 30 mass% 
of oxadiazole compound having electron transporting property is 
mixed with several mass% of iridium complex having phosphorescent 

20 property, with hole-transporting polyvinylcarbazole being used 
as host material. 

In this instance, light emittingmechanism determining light 
emission efficiency is assumed to be based on energy transfer from 
the singlet and triplet excited states of polyvinylcarbazole to 

25 the phosphorescent compound, or direct excitationby electron-hole 
recombination on molecules of the phosphorescent compound. In 
either event, in order for the phosphorescent compound to emit 
light with high efficiency, it is important that energy level of 
the host material in singlet and triplet excited states is high 

3 0 as compared to that of the phosphorescent compound, and the band 
gap is large. 
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DISCLOSURE OF INVENTION 

However, in fabrication of the polymer-type organic EL device, 
apart from red or green phosphorescent light-emission which 
requires only low energy, when high energy is required like in 
5 the case of blue light emission, selection of appropriate host 
materials is difficult to make. In addition, hole mobility of 
polyvinylcarbazole is as low as 10~ 6 cm/Vs and is not sufficient. 
Therefore, development of a host material having high hole/ electron 
transporting property, which can exhibit high energy level in the 
10 singlet and triplet excited states, with a difference in energy 
level from the ground state being great, is needed. 

In the case of polymer-dispersed type light-emitting device 
(EL device) , in order to solve a problem that low molecular weight 
material dispersed in host material is segregated or 
15 phase-separated, a polymer-base light-emitting material having 
a long-lasting stability is desired. 

Accordingly, the present invention has been accomplished 
from the viewpoint of the above-mentioned problems, and one of 
the objects of the invention is to provide an organic polymer 
20 compound for use in organic EL device, having excellent stability, 
which enables phosphorescence emission with super high efficiency, 
especially in blue phosphorescent light emission. 

Another ob j ect of the invention is to provide a light emitting 
material, organic electroluminescent (EL) device and display 
25 apparatus using the organic polymer compound. 

In order to attain the objects of the invention, the present 
inventors has focused attention on a silicone-base 
polymer (polysilane) , which has excellent hole transporting 
property and a large band gap. 
30 Polysilane is a polymer comprising a-conjugated silicon 

one-dimensional chain as a main chain structure and substituents 
such as alkyl group and aryl group on side chains. Polysilane, 
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due to its electron system under quasi-one-dimensional conditions 
where the electrons are delocalized along the silicone 
one-dimensional chain, exhibits a high hole mobility on the order 
as high as 10" 4 cm/Vs . This value is higher by two orders of 
magnitude than the mobility value of polyvinylcarbazole . 
Moreover, it is known that polysilane emits near-ultraviolet light 
based on its quasi-one-dimensional exciton. This means that 
polysilane has a large band gap. The electronic structure is 
changeable to a substituent structure as shown (3-1) to (3-3) 
below. 



C/iH 



4 n 9 



C X H2X+1 

4v- 



C Y H 



x n 2X+1 



X=4:PDBS 
5:PDPS 
6:PDHS 




(3-1) 



PMPS 
(3-2) 




The band gap of poly (dibutylsilane) (hereinafter sometimes 
abbreviated as "PDBS") is 5.3eV while that of 
poly (bis (4-butylphenyl) silane) (hereinafter sometimes 

abbreviated as "PBPS") is 4 eV. Energy levels of the conducting 
band (corresponding to the lowest unoccupied molecular orbital) 
and valence band ( corresponding to the highest occupied molecular 
orbital) varies depending on the band gap values. Polysilane, 
whose side chain can be readily substituted, allows a high degree 
of freedom in molecular design. 
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Therefore, it is assumed that, by using polysilane as host 
material in phosphorescent emission and allowing the polysilane 
to have an electronic geometry suitable for phosphorescent 
emission, efficient phosphorescent emission can be realized and 
5 display device which is stable even when continuously driven or 
overheated can be provided. 

In addition, since polysilane is soluble in organic solvent 
and the solution can be used for forming a film on a substrate 
by a coating method, use of polysilane can be advantageous for 
10 fabricating large area display device. 

Based on the above concept, the present inventors have 
invented a novel phosphorescent polymer compound by introducing 
a chemical structural unit having phosphorescent property into 
polymer chain of silicone-base polymer (polysilane) . 
15 That is, the present invention relates to: 

1. A phosphorescent polymer compound comprising a 
phosphorescent unit having phosphorescent property and a 
repeating unit represented by formula (1) : 



20 



X 1 



-Si- 
X 2 



(D 



wherein X 1 and X 2 independently represent a hydrogen atom, a halogen 
atom, an alkyl group, an alkoxy group, an amino group, a cyano 
group, a carboxyl group, a carbonyl group, a hydroxy 1 group, an 
aryl group which may be substituted, an aryloxy group which may 
25 be substituted or a heteroaryl group which may be substituted, 
2. the phosphorescent polymer compound as described in item 
1 above, wherein the number of the phosphorescent unit (m) and 
the number of the repeating unit represented by formula (1) (n) 
have the following relationship: 
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0.0001 ^ m/ (m+n) ^0.5, 

3. the phosphorescent polymer compound as described in item 
1 or 2 above, wherein the phosphorescent unit is a unit having 
an organic phosphorescent group in the side chain and represented 
by formula (2) : 

r3 



f 

-Si- 
I 

A 



(2) 



wherein X 3 represents a hydrogen atom, a halogen atom, an alkyl 
group, an alkoxy group, an amino group, a cyano group, a carboxyl 
10 group, a carbonyl group, a hydroxyl group, an aryl group which 
may be substituted, an aryloxy group which may be substituted, 
or a heteroaryl group which may be substituted, and A represents 
an organic phosphorescent group, 

4. the phosphorescent polymer compound as described in any 
15 one of items 1 to 3 above, wherein the phosphorescent unit has 
a complex structure of transition metal or rare-earth metal, 
5- the phosphorescent polymer compound as described in any 
one of items 1 to 4 above, which is soluble in organic solvent 
or water, 

20 6. the phosphorescent polymer compound as described in any 
one of items 1 to 5 above, having a polymerization degree of 5 
to 5000, 

7. a light-emitting material comprising the phosphorescent 
polymer compound as described in any one of items 1 to 6 above, 
25 8. the light-emitting material as described in item 7 above, 
which further contains an organic compound having electron 
transporting property, 

9. an organic electroluminescent (EL) device comprising one 
or more organic polymer layers between an anode and a cathode, 
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wherein at least one of the organic polymer layers comprises the 
light-emitting material as described in item 7 or 8 above, 
10. the organic EL device as described in item 9 above, wherein 
the anode is formed on a plastic substrate, 
5 11. the organic EL device as described in item 9 or 10 above, 
having the organic polymer layer (s) formed by a coating method, 
and 

12. an active-matrix display apparatus comprising the organic 
EL device as described in any one of items 9 to 11 above and a 
10 thin film transistor. 



DETAILED DESCRIPTION OF INVENTION 

Hereinafter, the present invention is described in detail. 
I. Phosphorescent polymer compound 
15 The present invention provides a phosphorescent polymer 

compound comprising a phosphorescent unit as a repeating unit 
emitting phosphorescent light and a repeating unit represented 
by formula (1) below: 



20 



X 



1 i 



-Si- 
's 
X 2 



(1) 



wherein X 1 and X 2 each represent independently a hydrogen atom, 
a halogen atom, an alkyl group, an alkoxy group, an amino group, 
cyano group, a carboxyl group, a carbonyl group, a hydroxyl group, 
25 an aryl group, an aryloxy group, or a heteroalyl group. 

In formula (1) , the halogen atom represented by X 1 and X 2 
is fluorine, chlorine, bromine or iodine. 

The alkyl group represented by X 1 and X 2 preferably has 1 
to 20 carbon atoms, more preferably 1 to 12 carbon atoms. Examples 

8 
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of the alkyl group include methyl, ethyl, iso-propyl, tert-butyl, 
n-octyl, n-decyl, cyclopropyl, cyclopentyl and cyclohexyl . 

The alkoxy group represented by X 1 and X 2 preferably has 
1 to 2 0 carbon atoms, more preferably 1 to 12 carbon atoms . Examples 
5 of the alkoxy group include methoxy, ethoxy, iso-propoxy and 
tert-butoxy . 

The aryl group represented by X 1 and X 2 preferably has 6 
to 30 carbon atoms, more preferably 6 to 20 carbon atoms. Examples 
of the aryl group include phenyl , naphtyl , anthracenyl and pyrenyl . 

10 The aryloxy group represented by X 1 and X 2 preferably has 

6 to 30 carbon atoms, more preferably 6 to 2 0 carbon atoms - Examples 
of the aryl group include phenyloxy, naphtyloxy, anthracenyloxy 
and pyrenyloxy. 

The hetero aryl group represented by X 1 and X 2 preferably 

15 contains at least one of oxygen atom, a nitrogen atom and a sulfur 
atom, and preferably has 1 to 50 carbon atoms, more preferably 
1 to 30 carbon atoms. Examples of the hetero aryl group include 
imidazoryl, pyridyl, furyl, pyperidyl, benzoxazoryl, thienyl, 
triazoryl and carbazoryl. 

20 The phosphorescent polymer compound of the present invention 

has a copolymer structure as described above, and is hereinafter 
sometimes simply referred to as "copolymer" . 

The phosphorescent polymer compound of the present invention 
is stable and exhibits ultra-high efficiency in 

25 phosphorescent-light emission. 

Assuming that the repetition number for the phosphorescent 
repeating unit is m and that the repetition number for the repeating 
unit represented by formula (1) is n, the value of m/ (m+n) falls 
within the range of 0.0001 to 0.5, preferably 0.001 to 0 . 1 . If 

30 the value exceeds the range, in other words, the ratio of 
phosphorescent unit is higher, the light emission efficiency 
decreases due to a phenomenon called concentration quenching . The 
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10 



phosphorescent units are introduced in the polymer chains at random, 
however, in some cases, it is preferable that the units are 
introduced at uniform intervals or in blocks. 

The phosphorescent unit to be introduced in the copolymer 
of the present invention may be introduced as the main chain or 
side chain . In the case where the phosphorescent unit is introduced 
in the side chain, it is preferable that the phosphorescent unit 
has a structure represented by formula (2) below. 



X 3 



-Si- 
I 

A 



(2) 



In formula (2) , A represents a phosphorescent organic group, X 3 
represents the same as X 1 and X 2 defined in formula (1) , that is, 
a hydrogen atom, a halogen atom, an alkyl group, alkoxy group, 
15 an amino group, a cyano group, a carboxyl group, a carbonyl group, 
a hydroxyl group, an aryl group, an aryloxy group, or a hetero 
aryl group . 

For the copolymer (phosphorescent polymer compound) of the 
present invention to exhibit high emission efficiency, it is 
20 preferable that the phosphorescent unit is a monovalent, divalent 
or trivalent group of transitionmetal or rare- earth metal complex . 
Examples of the phosphorescent unit include metal complexes having 
an organic ligand represented by formulae (4-1) to (4-5) below, 
however, are not limited thereto in the present invention. 

25 
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Examples of the ligand used in the transition metal or 
5 rare-earth metal complex include acetylacetonate, 
2, 2' -bipyridine, 4, 4' -dimetyl~2, 2' -bipyridine, 

1, 1 O-phenanthroline , 2-phenylpyridine, porphyrin, 

phthalocyanine, pyrimidine, quinoline and derivatives thereof , 
however are not limited thereto . One or more kinds of such ligands 
10 are contained in one complex. Also, as the complex compound, 
binuclear complex, multinuclear complex, or composite consisting 
of two or more of these complexes may be used. 

Examples of transition metal used for the transition metal 
complex above include metals fromSc (atomicnumber 21) to Zn (atomic 
15 number 30) in the first transition element series, Y (atomicnumber 
39) toCd (atomicnumber 4 8) in the second transition element series, 
and Hf (atomic number 72) to Hg (atomic number 80) in the third 
transition element series. 

Examples of rare-earth metal used for the rare-earth metal 
20 complex above includemetals f romLa (atomicnumber 57) toLu (atomic 
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number 71) . 

Specific examples of the structure of the copolymer (polymer) 
are illustrated by means of the following formulae (5-1) to (5-4) 
for those having the phosphorescent unit introduced in the side 
5 chain and formulae (6-1) and (6-2) having the phosphorescent unit 
introduced in the main chain, however, are not limited thereto. 
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(5-4) 
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In the copolymer (polymer compound) of the present invention, 
5 the substituent in the polysilane unit is selected according to 
the electron geometry of the phosphorescent unit. For example, 
in the case of formula (5-4) where red light is emitted, PBPS, 
having a small band gap, is selected as a main structure. In the 
case of formula (5-3) where blue light is emitted, PDBS, having 

10 a large band gap, is selected as a main structure. Here, "main 
structure" indicates the portion "( ) n" in formula (1). 

The polymerization degree of the copolymer (polymer 
compound) of the present invention is preferably within the range 
of from 5 to 5000. If the degree is lower than 5, a film formed 

15 using the copolymer can hardly be uniform and crystallization is 
readily caused, thereby deteriorating stability of the film. 
Polymer having a polymerization degree exceeding 5000 is difficult 
to be prepared, and such a polymer does not have good solubility 
in solvent. Accordingly, polymer having a polymerization degree 
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of 5 to 5000 is used for forming a uniform and stable film. 

By using the copolymer (phosphorescent polymer compound) 
of the present invention, soluble in organic solvent , a thin uniform 
film can be formed on a substrate by coating method. Further, 
5 pattern forming in three primary colors is possible by printing 
method or ink jet method. 

Next, production process of the copolymer (phosphorescent 
polymer compound) of the present invention is described in detail . 

The polymer compound of the present invention can be 

10 synthesized by various known methods. 

For example, in a case where a phosphorescent unit is 
introduced as a side chain of the polymer chain, the following 
phosphorescent unit precursor is synthesized first. That is, one 
or more functional groups such as an alkyl group, a hydroxyl group, 

15 a carbonyl group, an amino group, an isocyanate group and halogens 
are introduced to one of the ligands of a transition metal complex 
having phosphorescence-emitting property. These functional 
groups may be directly introduced to the transition metal complex . 
Also, a desired transition metal complex having functional groups 

2 0 in a ligand may be prepared by complex synthesis method such as 
ligand substitution or the method through binuclear complex after 
synthesizing a compound having these functional groups introduced 
to a ligand thereof. Secondly, to the transition metal complex 
having functional groups introduced therein, a compound such as 

25 dichlorosilane and trichlorosilane, which is to be a functional 
group introduced to a polysilane unit, is bonded, so that the ligand 
of the transition metal is connected to dichlorosilane by an 
appropriate bonding group having an appropriate length such as 
alkyl bond, ether bond, ester bond, amide bond and urethane bond. 

30 By this synthesis process, dichlorosilane derivative or 
trichlorosilane derivative to be a precursor of phosphorescent 
unit is synthesized. 
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The phosphorescent unit is further reacted with one or more 
appropriate dichlorosilanes such as dichlorodimethylsilane and 
dichloromethylphenylsilane, in an appropriate solvent such as 
benzene, toluene and xylene in the presence of an appropriate metal 
5 such as sodium, to thereby prepare the copolymer (polymer) of the 
invention . In this reaction, by changing reaction conditions such 
as concentration and ratio of the precursor of the phosphorescent 
unit and dichlorosilane, the kind of the solvent, the amount of 
the metal, reaction time, reaction temperature and the like, a 

10 variety of polymers which vary in the concentration ratio of the 
phosphorescent unit, molecular weight of the polymer and molecular 
weight distribution are obtainable. That is, the ratio of the 
phosphorescent unit to total polymer unit can be adjusted to the 
range of 0.0001 to 0.5, and also, the polymerization degree can 

15 be adjusted to the range of 5 to 5000. 

Alternatively, in the case where a phosphorescent unit is 
incorporated in the main chain of the polymer chain, first the 
following precursor of a phosphorescent unit is synthesized. That 
is, functional groups selected from an alkyl group, a hydroxyl 

2 0 group, a carbonyl group, an amino group, an isocyanate group, 
halogen and the like are introduced to the plural ligands of a 
transition metal complex having phosphorescence-emitting 
property. The functional groups may be introduced directly to 
the transition metal complex. Also, a desired transition metal 

25 complex having functional groups introduced to ligands may be 
prepared by ligand substitution or by complex synthesis method 
through binuclear complex after synthesizing a compound having 
these functional groups introduced to ligands thereof. Secondly, 
to the transit ionmetal complex having functional groups introduced 

30 therein, a compound, such as monochlorosilane, which is to be a 
functional group introduced to each ligand of a polymer unit, is 
bonded, so that the ligands of the transition metal is connected 



16 



WO 03/092334 



PCT/JP03/05352 



to monochlorosilane, by an appropriate bonding group having an 
appropriate length such as alkyl bond, ether bond, ester bond, 
amide bond and ur ethane bond. By this synthesis process, a compound 
to be a precursor of the phosphorescent unit which has plural 
5 monochlorosilane portions in one molecular is synthesized. 

The precursor phosphorescent unit is further reacted with 
one or more appropriate dichlorosilanes such as 
dichlorodimethylsilane and dichloromethylphenylsilane, in an 
appropriate solvent such as benzene, toluene and xylene in the 

10 presence of an appropriate metal such as sodium, to thereby prepare 
the copolymer (polymer) of the invention. In this reaction, like 
in thepreviouslymentioned cases wherein dichlorosilanes are used, 
by changing reaction conditions, a variety of polymers which vary 
in the concentration ratio of the phosphorescent unit, molecular 

15 weight of the polymer and molecular weight distribution are 
obtainable. That is, the ratio of the phosphorescent unit to the 
total polymer unit can be adjusted to the range of 0.0001 to 0.5, 
and also, the polymerization degree can be adjusted to the range 
of 5 to 5000. 

20 Another method for incorporating a phosphorescent unit into 

a polymer is that ligand portion of a transition metal complex 
is synthesized in advance, and then after reacting with an 
appropriate dichlorosilanes in the same manner as above, the 
transition metal is complexed on the ligand portion to thereby 

25 obtain a desired polymer. 

Moreover, as method for polymerizing polysilane, other than 
dechlorination condensationmethod, dehydrogenation condensation 
method (Coord. Chem. Rev., Vol. 206-207, p. 493 (2000)), anion 
polymerization method (Macromolecules, Vol.27, No . 8 p. 2360 

30 (1994) ) , electro-chemical polymerization method and the like are 
known (J.Macromol. Sci., Rev. Macromol . Chem. Phys . , Vol.c3 8, No . 4 
p. 637 (1998)). Applying to these methods, appropriate polymer 
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units can be prepared, and by the combination use of the units, 
desired polymer compound can be obtained. 

Thus obtained polymer compound may be used as is, however, 
may be once or plural times subj ected to purification process such 
5 as reprecipitation and column chromatography, which is to be 
selected according to properties of the polymer compound, to 
enhance the purity. 

II. Light-emitting material 
10 Next, light-emitting material comprising the copolymer 

(phosphorescent polymer compound) of the present invention is 

described below. 

The copolymer (polymer compound) of the present invention 

itself can be used as light emitting material for organic EL device . 
15 Moreover, for the purpose of supplement the electron transporting 

property, the copolymer of the present invention may be mixed with 

other electron transporting compounds to be used as light emitting 

material . 

Here, electron transporting compound to be mixed with the 
2 0 copolymer (polymer compound) of the present invention may be either 
low-molecular compound or high-molecular compound. Examples of 
low-molecular compound to be mixed with the polymer compound of 
the present invention include oxadiazole derivative, triazole 
derivative, imidazole derivative, triazine derivative and organic 
25 metal complex compound, but are not limited to those compounds. 
As high-molecular compound to be mixed with the polymer compound 
of the present invention, compounds polymerized by introducing 
polymer iz able functional group into the above mentioned 
low-molecular electron-transporting compounds, for instance, 
30 polyPBD (PPBD) as disclosed in JP-A-10-1665, can be used, but are 
not limited to the compound. 

Moreover, for the purpose of improving properties of a film 
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formed from the copolymer (polymer compound) of the present 
invention, other polymer compounds, which do not participate in 
light-emitting property, may be mixed with the polymer compound 
of the present invention to be used as light emitting material. 
5 Examples of such a polymer compound include 
polymerthylmethacrylate (PMMA) which may be added for the purpose 
of imparting flexibility to the obtained film, but are not limited 
thereto . 

10 III. Organic EL device 

Next, the organic EL device using light emitting material 
comprising copolymer (phosphorescent polymer compound) of the 
present invention will be described. 

The configuration of the organic EL device using the light 

15 emitting material comprising the polymer compound of the present 
invention as a light-emitting layer may include, between an anode 
and a cathode, a structure selected from (1) hole transporting 
layer/light emitting layer/electron transporting layer, (2) hole 
transporting layer/light emitting layer, (3) light emitting 

20 layer/electron transporting layer and (4) light emitting layer 
only. In order to enhance emission efficiency, a laminate 
structure consisting of light emitting layer and electron 
transporting layer and/or hole transporting layer is preferable. 

As hole transporting material for constituting the hole 

25 transporting layer, aromatic tertiary amine derivatives such as 
triphenylamine and oligomers or polymer thereof, or known hole 
transporting materials such as N-vinylcarbazole may be used. 
Polyparaphenylenevinylene or polydialkylf luorene can also be used. 
As electron transporting material for constituting the electron 

30 transporting layer, known materials such as oxadiazole derivatives, 
triazole derivatives imidazole derivatives, triazine derivatives 
and organic metal complex compound as heretofore mentioned may 



19 



WO 03/092334 



PCT/JP03/05352 



be used. 

For the purpose of enhancing efficiency in injecting holes 
from anode into hole transporting layer or light emitting layer, 
a hole injection layer may be placed between anode and hole 
5 transporting layer or light emitting layer. 

As hole injection material for constituting the hole 
injection layer, conductive polymers such as polythiophene 
derivatives, polypyrrole derivatives and polyaniline derivatives 
can be used. A mixture of polyethylenedioxythiophene (PEDOT) 

10 being a polythiophene derivative and polystyrenesulf onic acid 
(PPS) is particularly preferable for its ability to form an 
effective hole injection layer. 

For anode, which is generally formed on a glass substrate, 
a light-transmitting material is used. Indium tin oxide (ITO) , 

15 indium oxide, tin oxide or alloy of indium oxide and zinc oxide 
is preferable. Alternatively, a thin film consisting of metal 
such as gold, platinum and magnesium silver maybe used . Conductive 
polymers consisting of polyaniline, polthiophene or polypyrrole, 
and derivatives thereof may also be used. 

20 For anode, alkali metals such as lithium and sodium and alkali 

earth metals such as magnesium and calcium which have low work 
function are preferable from the viewpoint of electron injection 
property. In addition, use of stable aluminum is also preferable . 
For obtaining both stability and electron injection property, the 

25 layer may contain two or more materials, and such materials are 
disclosed in JP-A-2 -15595 and JP-A-5-12 117 2 . A thin film (of about 
0.01 to lOOnm) of alkali metals or alkali earth metals such as 
cesium, balium, calcium and strontium, or alkali metal compound 
such as LiF and Li 2 0 or alkali earth metal compound such as CaF 2 

3 0 andSrF 2 maybe insertedbetween aluminum and organic layer adj acent 
to the cathode . 

Anode and cathode can be formed by a conventional method 
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such as vacuum deposition method, sputtering method, ion plating 
method. Patterning of electrode (especially, transparent 
electrode) is preferably carried out by chemical etching using 
photolithography or physical etching using laser and the like, 
5 or may be carried out with stacking masks via vacuum deposition 
or via sputtering. 

As transparent substrate for organic EL device in the present 
invention, other than glass substrate which is widely used, 
flexible substrate of plastic or metal film may be used. In case 

10 of metal film, organic or inorganic insulating layer is coated 
on the film before the metal film is used as substrate. Plastic 
material used for substrate requires excellent heat-resistance, 
dimensional stability, solvent-resistance, insulation property, 
processability, low-air-permeability and nonhygros copic property . 

15 Use of flexible material leads to provision of flexible organic 
EL device. 

On one or both of the surface facing the electrode and the 
opposite surf ace of the substrate, moisture-impermeable layer (gas 
barrier layer) is preferably placed. As material for the 

20 moisture-impermeable layer, inorganic materials such as silicon 
nitride and silicon oxide are preferably employed, and the layer 
can be formed by radio frequency sputtering method or the like. 

Two or more transistors per organic EL (organic luminescent) 
pixel formed on the substrate are placed, and by addressing and 

25 driving through the transistors, active-type display device can 
be provided . An organic transistor comprising an organic compound 
as its active layer enables application to a plastic substrate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 Hereinafter, the present invention will be described in more 

detail by referring to typical examples. However, the examples 
are merely exemplary for the purpose of explanation and the present 
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invention should by no means be limited thereto. 
Measurement Apparatuses used in the Examples are as follows . With 
respect to reagents, commercially available preparation (reagent 
of the highest quality) was used without purification. 
5 1 ) 1 H-NMR 

JNM EX27 0 manufactured by JEOL, Ltd. 

270 MHz 

Solvent: chlorof orm-di or dimethyl sulf oxide-ck 

2) Elementary Analysis Equipment 

10 Model CHNS-932, manufactured by LECO 

3) GPC Measurement (Measurement of Molecular Weight) 

Column : Shodex KF-G + KF804L + KF802 + KF801 

Eluent : Tetrahydrof uran (THF) 

Temperature : 4 0°C 
15 Detector : RI (Shodex RI-71) 

Example 1-1 : Synthesis of dichloromethylphenylsilane derivative 
[ (2-(3-( (4-dichloromethylsilylphenyl) methyloxy) phenyl) 

pyridine) bis (2-phenylpyridine) iridium (III) ] 
20 By a conventional method, 2- (3-methoxyphenyl) pyridine 

(hereinafter abbreviated as "3-MeO-PPy") was synthesized. That 

is, as shown in the Reaction Scheme (1) below, 
(3-methoxyphenyl) magnesium bromide was synthesized from 22.4 g 
(120 mmol) of 3-bromoanisole with 3.4 g of magnesium (Mg) in dry 
25 tetrahydrof uran (THF) in an argon stream by a conventional manner. 

This was slowly added to a dry THF solution of 15.8 g (100 mmol) 

of 2-bromopyridine and 1.8 g of 

(1, 2-bis (diphenylphosphino) -ethane) dichloronickel (II) 
(Ni (dppe) Cl 2 ) and the mixture was stirred at 50°C for 1 hour . After 
30 adding 250 ml of 5% hydrochloric acid aqueous solution to the 

reaction mixture, the reaction mixture was extracted with 

chloroform to obtain a target substance and the organic layer was 
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10 



distilled under reduced pressure. 17.4 g (93.9 inmol) of 
(3-methoxyphenyl) pyridine (3-MeO-PPy) was obtained as a colorless 
transparent liquid. Identification was performed by 1 H-NMR and 
CHN elementary analysis. 

1 H-NMR(27 0MHz / CDC1 3 ) , ppm : 8.68 (d, 1H) , 7.72 (m, 2H) , 7.59 (s, 
1H) , 7.54 (d, 1H) , 7.37 (t, 1H) , 7.22 (d, 1H) , 6.97 (d, 1H) , 3.89 
(s, 3H) . 

Elementary analysis Calcd: C 77.81, H 5.99, N 7.56. 

Found: C 77.44, H 6.01, N 7.53. 



Reaction Scheme (1) 



H3CO H3CO 

t^ Br Sir* O-^Br 



Br— % ) H 3 cq 




Ni (dppe) Cl 2 

3-MeO-PPy 



Then, the methoxy group of 3-MeO-PPy was hydrolyzed by a 
conventional method. That is, as shown in Reaction Scheme (2) 

15 below, 16.0 g (86.4mm.ol) of 3-MeO-PPy was dissolved in concentrated 
hydrochloric acid and stirred in a sealed vessel at 130°C for 4 
hours. After completion of the reaction, the reaction mixture 
was neutralized with an aqueous solution of sodium hydrogen 
carbonate and the obj ective compound was extracted with chloroform. 

20 Crystallization of the extract from a chlorof orm/hexane solution 
afforded 10.4 g (60.7 mmol) of 2- (3-hydroxyphenyl) pyridine 
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(hereinafter abbreviated as "3-HO-PPy") as colorless crystal. 
Identification was performed by 1 H~NMR and CHN elementary analysis . 
X H~NMR ( 2 7 OMH z , CDC1 3 ) , ppm : 8.66 (d, 1H) , 7.76 (t, IE), 7.61 (d, 
1H) , 7.56(s, 1H) , 7.40 (d, 1H) , 7.30 (t, 1H) , 7.26(t,lH), 6.88(d, 
5 1H) , 2.08 (br, 1H) . 

Elementary analysis Calcd: C 77.17, H 5.30, N 8.18. 

Found: C 76.81, H 5.37, N 8.11. 



10 

Reaction Scheme (2) 




3-MeO-PPy 3-HO-PPy 

The hydroxyl group of 3-HO-PPy was protected by 
tert-butyldimethylsilyl chloride (hereinafter abbreviated as 

15 ^TBDMS-C1") by a conventional method. 

That is, as shown in the Reaction Scheme (3) below, a solution 
of 8.6 g (50.2 mmol) of 3-HO-PPy, 10.2 g of imidazole and 11.3 
g (75.0 mmol) of TBDMS-C1 in 2 00 ml of N, N-dimethylf ormamide was 
allowed to react at room temperature for 4 hours. Purification 

20 of the reaction mixture using a silica gel column afforded 13.0 
g (45.5 mmo 1 ) of 2- ( 3-tert-butyldimethylsilyloxyphenyl ) pyridine 
(hereinafter abbreviated as "3-SiO-PPy") as a colorless 
transparent liquid. Identification was performed by 1 H-NMR and 
CHN elementary analysis. 

25 1 H-NMR(270MHz / CDCI3) , ppm : 8.68 (d, 1H) , 7.74 (t, 1H) , 7.68(d, 
1H) , 7.58{d, 1H) , 7.48(s, 1H) , 7.32(t, 1H) , 7.22(t, 1H) , 6.89(d, 
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1H), 1.01(s, 9H) , 0.24(s, 6H) . 

Elementary analysis Calcd: C 71.53, H 8.12, N 4.91. 

Found: C 71.08, H 8.14, N 4.88. 



Reaction Scheme (3) 




5 3-HO-PPy 3-SiO-PPy 

Next, the 3-SiO-PPy was allowed to react with 
bis (fx-chloro) tetrakis ( 2 -phenylpyridine ) diiridium (III) 
(hereinafter abbreviated as x% [Ir (PPy) 2 C1] 2") synthesized by a 

10 conventional method in the presence of silver (I) 
trif luoromethanesulfonate (AgCF 3 S0 3 ) . That is, as shown in the 
Reaction Scheme (4) below, 2.7 0 g of AgCF 3 S0 3 was added to a 
suspension of 5.71 g (20.0 mraol) of 3-SiO-PPy and 5 . 37 g (5.0 itimol) 
of [Ir (PPy) 2CI] 2 in dry toluene and refluxed for 6 hours. 

15 Purification of the reaction mixture using a silica gel column 
and then distilling off the solvent afforded 2.53 g (3.2 mmol) 
of (2- ( 3-tert-butyldimethylsilyloxyphenyl) pyridine) 

bis (2-phenylpyridine) iridium (III) (hereinafter abbreviated as 
"Ir (PPy) 2 (3-SiO-PPy) ") as yellow powder. Identification was 

20 performed by 1 H-NMR and CHN elementary analysis. 

^-H-NMR (270MHz, CDC1 3 ) , ppm : 7.86 (d, 2H) , 7.78 (d, 1H) , 7.64 (d, 
2H) , 7.55 (m, 6H) , 7.16(s, 1H) , 6.85(m,9H), 6.60(d, 1H) , 6.45(d, 
1H) . 

Elementary analysis Calcd: C 59.67, H 4.88, N 5.35. 
25 Found: C 59.53, H 4.89, N 5.34. 
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Reaction Scheme (4) 




[Ir (PPy) 2 Cl] 2 

TBDMSO 




Ir (PPy) 2 (3-SiO-PPy) 

Then, the silyl group of Ir (PPy) 2 (3-SiO-PPy) was hydrolyzed 
5 by a conventional method. That is, as shown in the Reaction Scheme 
(5) below, 5.1 ml of a 1 M THF solution of tetra-n-butylammonium 
fluoride (TBAF) was added to a THF solution of 2.00 g (2.55 mmol) 
of Ir (PPy) 2 (3-SiO-PPy) and the mixture was allowed to react at 
room temperature for 30 minutes. Purification of the reaction 
10 mixture using a silica gel column and then distilling of f the solvent 
afforded 1.69 g (2.52 mmol) of (2- (3-hyroxyphenyl) pyridine) 
bis (2-phenylpyridine) iridium (III) (hereinafter abbreviated as 
"Ir (PPy) 2 (3~HO-PPy) ") . Identification was perf ormedby^-NMR and 
CHN elementary analysis. 
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1 H-NMR(27 0MHZ, CDCI3) , ppm : 7.87 (d, 2H) , 7.78 (d, 1H) , 7 . 6 (m, 9H) , 

6.85(m, 10H), 6.63(d, 1H) , 4.23(s, 1H) . 

Elementary analysis Calcd: C 59.09, H 3.61, N 6.26. 

Found: C 58.64, H 3.74, N 6.17. 

Reaction Scheme (5) 




Ir (PPy) 2 (3-SiO-PPy) Ir (PPy) 2 (3-HO-PPy) 

Subsequently, (2- (3- ( (4-bromophenyl ) methyloxy ) phenyl) 
pyridine) bis (2-phenylpyridine) iridium (III) (hereinafter simply 
referred to as "Ir (PPy ) 2 ( 4-BrP-3-MeO-PPy) ") was synthesized. 
That is, as shown in the Reaction Scheme (6) below, 0.34g (0.5mmol) 
of Ir (PPy) 2 (3-HO-PPy) was dissolved in 30ml of a DMF solution having 
2 07.3mg(1.5mmol) of K 2 C0 3 dissolved therein, and further added 
thereto was 150mg (0.6mmol) of 4-bromobenzylbromide (BBB) , 
followed by stirring for 8 hours at room temperature. Then, 500 
ml of dilute hydrochloric acid solution and 100 ml of chloroform 
were added to the reaction mixture and the obtained mixture was 
stirred vigorously. The chloroform layer was separated and dried 
over magnesium sulfate and the solvent was distilled off under 
reduced pressure. The obtained yellow residue was dissolved in 
dichlorome thane and the solution was subj ected to silica gel column 
chromatography to separate a pale yellow main product. Solution 
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of this product was concentrated under reduced pressure and then 
a small amount of hexane was added thereto, followed by cooling 
to -20°C to obtain 282 mg (0.335 mmol) of the objective 
Ir (PPy) 2 (4-BrP-3-MeO-PPy) as pale yellow crystal. 

Identification was performed by 1 H-NMR and CHN elementary analysis . 
^■H-NMR (270MHz, CDC1 3 ) , ppm : 7 . 86 (d, 2H) , 7 .76 (d, 1H) , 7.6 (m, 9H) , 
7.47 (d, 2H) , 7.21 (d, 2H) , 6.85(m, 10H) , 6.63(d, 1H) , 3.31(t, 2H) . 
Elementary analysis Calcd: C 57.00, H 3.83, N 4.99. 

Found: C 56.86, H 3.96, N 4.91. 



Reaction Scheme (6) Br 




Then, (2- (3- ( ( 4~dichloromethylsilylphenyl) methyloxy) 

phenyl) pyridine) bis (2-phenylpyridine) iridium 

(III) (hereinafter abbreviated as "Ir (PPy) 2 (4-DCMPS-3-MeO-PPy) ") 
was synthesized. That is, as shown in the Reaction Scheme (7) 
below, a mixture of 3.6g (O.lSmmol) of magnesium and 50 ml of 
diethyl ether was stirred well, and thereto added dropwise was 
15ml of a diethyl ether solution having 114mg (0.135mmol) of 
Ir (PPy) 2 (4-BrP-3-MeO-PPy) dissolved therein, followed by 
stirring for 12 hours. Subsequently dropped thereto over 2 hours 
was 100ml of a diethyl ether solution having 149mg (lmmol) of 
methyltrichlorosilane dissolved therein. After completion of 
the dropping, the mixture was refluxed for 12 hours and cooled, 
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200ml of hexane was added to filter out purified salt, and the 
filtrate was concentrated by a rotary evaporator. The obtained 
solid substance was dissolved in a small amount of dichloromethane 
and charged in silica gel column chromatography, followed by 
5 flowing dichloromethane therethrough to remove eluted impurities . 
Subsequently, flowing a dichloromethane/ethyl acetate mixed 
solvent resulted in elution of a pale yellow complex, which was 
recovered and dried under reduced pressure, followed by 
recrystallization of the residue from dichloromethane/hexane 
10 mixed solution at -20°C to obtain 57 mg (0.065mmol) of 
Ir (PPy) 2 (4-DCMPS-3-MeO-PPy) as pale yellow solid. 

Identification was performed by 1 H-NMR and CHN elementary 
analysis . 

1 H-NMR(27 0MHz / CDCl 3 ) , ppm : 7.86 (d, 2H) , 7.76 (d, IK), 7.6 (m, 
15 9H) , 7.46 (d, 2H) , 7.22 (d, 2H) , 6.85 (m, 10H) , 6.63 (d, 1H) , 3.31 
(t, 2H) . 

Elementary analysis Calcd: C 56.16, H 4.02, N 4.79. 

Found: C 56.25, H 3.93, N 4.77. 



Reaction Scheme (7) 
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Example 1-2: Polymerization of Ir (PPy) 2 ( 4-DCMPS-3-MeO-PPy) 
/dichloromethylphenylsilane (DCMPS) copolymer 

Copolymer of Ir (PPy) 2 ( 4-DCMPS-3-MeO-PPy ) and DCMPS was 
polymerized by a conventional method. That is, as shown in the 
Reaction Scheme (8) below, a mixture of 230mg (lOmmol)of sodium 
and 20ml of toluene was heated to reflux and well stirred. Thereto 
dropped was 10 ml of a toluene solution having 35mg (0.04mmol) 
of Ir (PPy) 2 ( 4-DCMPS-3-MeO-PPy) and 7 65mg (4mmol) of DCMPS 
dissolved therein. After completion of the dropping, the mixture 
was refluxed for 60 hours and cooled, a mixed solution of 20 ml 
of hexane and 20ml of methanol was added and stirred for 1 hour. 
Then, 100 ml of dilute hydrochloric acid solution was added to 
the reaction mixture, the solvent layer was separated and dried 
over magnesium sulfate and the solvent was distilled off under 
reduced pressure. The obtained pale yellow residue was washed 
in acetone and vacuum-dried to obtain a target copolymer 58mg. 
Identification of the product was performed by Ir elementary 
analysis and GPC measurements. 
Elementary analysis: Ir 0.06, 

GPC (THF, polystylene standard) :Mw 9800, Mw/Mn=2.11. 
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Example 1-3: 

First, the phosphorescent polysilane obtained in Example 
1-2 was dissolved in dichloroethane to prepare a 1 mass% solution. 
On an ITO-coated glass substrate treated in organic rinse and UV 
ozone was formed a light emitting layer having a thickness of lOOnm 
by a spin coating method at a spin speed of 1, 000 rpm. This was 
sufficiently vacuum-dried, and 30 nm calcium and lOOnm aluminum 
were formed by vacuum deposition method. By using glass and 
UV- curable resin, the device was sealed in a glove box filled with 
high-purity nitrogen gas . When positive voltage of lOVwas applied 
to the ITO side of the organic EL device and negative voltage of 
1 0 V to the aluminum side of the organicEL device, green luminescence 
having a peak wave-length of 52 Onm was observed. By the shape 
of luminescence spectrum, it was confirmed that the luminescence 
was emitted from phosphorescent units. The external quantum 
efficiency in luminescence was approximately 2%. 



Example 2-1 : Synthesis of dichloromethylphenylsilane derivative 
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[9- (4-dichloromethylsilylphenyl) methyloxy] nonan-2, 4-dionate) 
bis (2-phenylpyridine) Iridium (III) ] 

As shown in the Reaction Scheme (9) below, 
di (|H-chloro) tetrakis (2-phenylpyridine) diiridium (III) 

5 (hereinafter abbreviated as " A [Ir (PPy) 2 C1] 2 ") synthesized by a 
conventional method and 8-nonen-2, 4-dione synthesized by a known 
method (H. Gerlach et al . , Helv. Chim. Acta, 60, 638 (1977)) were 
allowed to react to synthesize 

(8~nonen~2, 4-dionate) bis (2-phenylpyridine) iridium (III) 

10 (hereinafter abbreviated as "Ir (PPy) 2 ( 1-Bu-acac") . That is, 261 
mg (0.24 mmol) of [Ir (PPy) 2 Cl] 2 was suspended in 30 ml of methanol 
degassed by nitrogen gas and 8 7 mg (0.56 mmol) of 8-nonen-2 , 4-dione 
and 756 mg (0.75 mmol) of triethylamine (NEt 3 ) were added thereto, 
and the obtained mixture was heated to reflux in an oil bath for 

15 3 hours. The obtained pale yellow liquid reaction mixture was 
cooled to room temperature and concentrated by using a rotary 
evaporator. Then, 200 ml of dilute hydrochloric acid solution 
and 50 ml of chloroform were added to the reaction mixture and 
the obtainedmixture was stirred vigorously . The chloroform layer 

2 0 was separated and dried over magnesium sulfate and the solvent 
was distilled off under reduced pressure. The obtained yellow 
residue was dissolved in dichloromethane and the solution was 
subjected to silica gel column chromatography to separate a pale 
yellow main product. Solution of the product was concentrated 

2 5 under reduced pressure and then a small amount of hexane was added 
thereto, followed by cooling to -20°C to obtain 270 mg (0.41 mmol) 
of the objective Ir (PPy) 2 (1-Bu-acac) as pale yellow crystal. 
Identification was performed by 1 H-NMR andCHN elementary analysis . 
1 H-NMR (270MHz, CDC1 3 ) , ppm : 8.49 (d, 2H) , 7.83 (t, 2H) , 7.70 (m, 

30 2H), 7.54 (t, 2H) , 7.10 (m, 2H) , 6.80 (t, 2H) , 6.68 (m, 2H) , 6.35 
(d, 1H), 6.25 (d, 1H) , 5.61 (m, 1H) , 5.19 (s, 1H) , 4.86 (m, 2H) , 
1.99 (t, 2H) , 1.79 (s, 3H) , 1.72 (m, 2H) , 1.38 (m, 2H) . 



WO 03/092334 



PCT/JP03/05352 



Elementary analysis Calcd: C 56.95; H 4.47, N 4.28. 

Found: C 55.84, H 4.32, N 3.97. 



Reaction Scheme (9) 




[Ir (PPy) 2 Cl] 




Ir (PPy) 2 (1-Bu-acac) 

5 

Next, (9-hydroxy-2, 4-nonandionate) bis ( 2 -phenylpyr idine ) 
iridium (hereinafter abbreviated as "Ir (PPy) 2 [1- (OH-Bu) -acac] ") 
was synthesized. That is, as shown in the Reaction Scheme (10) 
below, to a solution of 167 mg (0.26 mmol) of Ir (PPy) 2 (1-Bu-acac) 

10 in 10 ml of THF was dripped 1 . 0 ml (0.5 mmol) of a 0 . 5 M THF solution 
of 9-borabicyclo [3.3.1] nonane (hereinafter abbreviated as 9-BBN) 
and the solution was heated to reflux for 25 minutes. Then, to 
the reaction mixture were added 0 . 2 ml (0.60 mmol) of a 3M aqueous 
NaOH solution and 0.0 60 ml (0.62 mmol) of a 35% H 2 0 2 solution in 

15 the order cited, and the mixture was stirred at room temperature 
for 12 hours . Then, 2 0 ml of water was added thereto and the mixture 
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was concentrated by using a rotary evaporator. After adding 
chloroform and well shaking, the organic layer was concentrated 
to dryness under reduced pressure . The obtained yellow solid was 
dissolved in a small amount of dichloromethane and the solution 
5 was charged in a silica gel column followed by flowing 
dichloromethane therethrough to remove eluted impurities. 
Subsequently, flowing a dichloromethane/ ethyl acetate mixed 
solvent of 1:1 (by volume ratio) resulted in elution of a pale 
yellow complex, which was recovered and dried under reduced 

10 pressure, followed by recrys t alii zat ion of the residue from 
dichloromethane/hexane mixed solution at -20°C to obtain 23 mg 
(0.034 mmol) of Ir (PPy) 2 [1- (OH-Bu) -acac] as pale yellow solid. 
Identification was perf ormedby 1 H-NMR and CHN elementary analysis . 
1 H-NMR ( 2 7 0MHz , CDC1 3 ) , ppm : 8.50 (d, 2H) , 7.82 (t, 2H) , 7.72 (t, 

15 2H), 7.55 (t, 2H) , 7.12 (t, 2H) , 6.81 (t, 2H) , 6.69 (t, 2H) , 6.31 
(d, 1H), 6.26 (d, 1H) , 5.19 (s, 1H) , 3.44 (t, 2H) , 1.98 (t, 2H) , 
1.79 (s, 3H) , 1.34 (m, 4H) , 1.05 (m, 2H) . 
Elementary analysis Calcd: C 55.42, H 4.65, N 4.17. 

Found: C 55.76, H 4.71, N 4.19. 

20 

Reaction Scheme (10) 




Ir (PPy) 2 (1-Bu-acac) Ir (PPy) 2 (1- (OH-Bu) -acac) 



Then, (9- ( 4-bromophenyl ) methyloxy-2, 4-nonandionate) 

bis (2-phenylpyridine) iridium (hereinafter abbreviated as 
25 "Ir (PPy) 2 [ 4-BrP-Meo-acac] ") was synthesized. That is, as shown 
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in the Reaction Scheme (11) below, 114mg (0 . 169mmol) of 
Ir (PPy) 2 [1- (OH-Bu) -acac] was dissolved in a 10 ml DMSO solution 
having 2 8 mg (0.5 mmol) of KOH dissolved therein, and further to 
this solution was added 50mg (0.2mmol) ofBBB, followed by stirring 
5 for 6 hours at room temperature. Then, 2 00 ml of dilute 
hydrochloric acid solution and 50 ml of chloroform were added to 
the reaction mixture and the obtained mixture was stirred 
vigorously. The chloroform layer was separated and dried over 
magnesium sulfate and the solvent was distilled off under reduced 

10 pressure. The obtained yellow residue was dissolved in 
dichloromethane and the solution was subjected to silica gel column 
chromatography with the dichloromethane as eluent to separate a 
pale yellow main product. A solution of this product was 
concentrated under reduced pressure and then a small amount of 

15 hexane was added thereto, followed by cooling to -20°C to obtain 
114 mg (0.135 mmol) of the objective Ir (PPy) z [4-BrP-MeO-acac] as 
pale yellow crystal. Identification was performed by 1 H~NMR and 
CHN elementary analysis. 

X H-NMR (27 0MHz, CDC1 3 ) , ppm : 8.50 (d, 2H) , 7.82 (t, 2H) , 7.72 (t, 
20 2H) , 7.55 (t, 2H), 7.47 (d, 2H) , 7.21 (d, 2H) , 7.12 (t, 2H) , 6.81 
(t, 2H) , 6.69 (t, 2H), 6.31 (d, 1H) , 6.26 (d, 1H) , 5.19 (s, 1H) , 
4.40 (s, 2H), 3.31 (t, 2H) , 1.98 (t, 2H) , 1.79 (s, 3H) , 1.34 (m, 
2H) , 1.22 (m, 2H) , 1.04 (m, 2H) . 

Elementary analysis Calcd: C 54.09; H 4.46, N 3.32. 
25 Found: C 54.24, H 4.78, N 3.35. 
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Reaction Scheme (11) Br 




Subsequently, (9- ( 4-dichloromethylsilylphenyl ) 

methyloxy-2 , 4-nonandionate) bis ( 2 -phenylpyridine ) iridium 
5 (hereinafter abbreviated as "Ir (PPy) 2 [4-DCMPS-3-MeO-acac] ") was 
synthesized. That is, as shown in the Reaction Scheme (12) below, 
a mixture of 3 . 6g (0.15mmol) of magnesium and 50 ml of diethyl 
ether was stirred well, and thereto dropped was 10ml of a diethyl 
ether solution having 114mg (0 . 135mmol) of 

10 Ir (PPy) 2 (4-BrP-MeO-acac) dissolved therein, followed by stirring 
for 12 hours . Subsequently dropped thereto over 2 hours was 100ml 
of a diethyl ether solution having 14 9mg (lmmol) of 
methyltrichlorosilane dissolved therein . After completion of the 
dropping, the mixture was refluxed for 12 hours and cooled, 200ml 

15 of hexane was added to filter out purified salt, and the filtrate 
was concentrated by a rotary evaporator. The obtained solid 
substance was dissolved in a small amount of dichloromethane and 
charged in silica gel column chromatography, followed by flowing 
dichloromethane therethrough to remove eluted impurities. 

20 Subsequently, flowing a dichloromethane/ethyl acetate mixed 
solvent resulted in elution of a pale yellow complex, which was 
recovered and dried under reduced pressure, followed by 
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recrystallization of the residue from dichloromethane/hexane 
mixed solution at -20°C to obtain 77 mg (0.088mmol) of 
Ir (PPy) 2 (4-DCMPS-3-MeO-acac) as pale yellow solid. 
Identification was performed by ^-NMR and CHN elementary analysis. 
5 X H-NMR (270MHz, CDCl 3 ) , ppm : 8.50 (d, 2H) , 7.82 (t, 2H) , 7.72 (t, 
2H), 7.55 (t, 2H) , 7.46 (d, 2H) , 7.22 (d, 2H) , 7.12 (t, 2H) , 6.81 
(t, 2H) , 6.69 (t, 2H) , 6.31 (d, 1H) , 6.26 (d, 1H) , 5.19 (s, 1H) , 
4.40 (s, 2H) , 3.31 (t, 2H) , 1.98 (t, 2H) , 1.79 (s, 3H) , 1.34 (m, 
2H) , 1.22 (m, 2H) , 1.04 (m, 2H) . 
10 Elementary analysis Calcd: C 53.35; H 4.82, N 3.19. 

Found: C 53.44, H 4.91, N 3.31. 




15 Example 2-2 : Polymerization of Ir (PPy) 2 [4-DCMPS-MeO-acac] / 
dichloromethylphenylsilane (DCMPS) copolymer 

As shown in the Reaction Scheme (13) below, copolymer of 
Ir (PPy) 2 [4-DCMPS-MeO-acac] and DCMPS was polymerized. That is, 
a mixture of 23 Omg (lOmmol) of sodium and 20ml of toluene was heated 

20 to reflux and well stirred. Thereto dropped was 10 ml of a toluene 
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solution having 32mg (0.04mmol) of Ir (PPy) 2 [ 4-DCMPS-MeO-acac] and 
7 65mg (4mmol) of DCMPS dissolved therein. After completion of 
the dropping, the mixture was refluxed for 60 hours and cooled, 
a mixed solution of 20 ml of hexane and 20ml of methanol was added 
5 and stirred for 1 hour. Then, 100 ml of dilute hydrochloric acid 
solution was added to the reaction mixture, the solvent layer was 
separated and dried over magnesium sulfate and the solvent was 
distilled of f under reduced pressure . The obtained yellow residue 
was washed in acetone and vacuum-dried to obtain a target copolymer 
10 66mg . Identif ication of the product was perf ormedby Ir elementary 
analysis and GPC measurements. 
Elementary analysis: Ir 0.04, 

GPC (THF, polystylene standard) :Mw 10800, Mw/Mn=1.89. 



Reaction Scheme (1 3) 




20 Example 2-3 : 
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For the purpose of enhancing electron transporting property 
of light emitting layer and facilitating hole injection into 
light- emitting layer, a conductive polymer layer was inserted and 
electron transporting compound was mixed into the light emitting 
5 layer. First, on an ITO-coated glass substrate, conductive 
polymer layer of PEDT/PPS was formed to a thickness of 50nm by 
a spin coating method and dried at about 180°C. Secondly, 70 mass% 
of the phosphorescent polysilane obtained in Example 2-2 and 3 0 
mass% of an electron transporting polymer, poly-PBD, synthesized 

10 by a method disclosed in JP-A-10-16 65 and represented by formula 
(7) below, were dissolved in dichloroethane to prepare a solution 
(1 mass%) . Using this solution, a film having a thickness of lOOnm 
was formed on the PEDT/PPS layer and vacuum-dried sufficiently. 
Finally formed thereon was calcium having a thickness of 30nm and 

15 aluminum having a thickness of lOOnm. After sealing the resulted 
device, its properties were measured. When a 5V positive voltage 
was applied to the ITO side of the organic EL device and a 5V negative 
voltage to the aluminum side of the device, green luminescence 
having a peak wave length of 520 nm and a luminance of 200 cd/m 2 

20 was observed. It was confirmed that the luminescence was emitted 
from a phosphorescent-light emitting unit. The value measured 
as the external quantum efficiency was 6%, which exceeds the value 
of a conventional fluorescent polymer EL device. 

25 
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(7) 



Example 3-1 : Synthesis of dichloromethylsilane derivative 
[ (5- ( 4-dichloromethylsilylphenyl ) methyloxymethyl ) -picolinato] 
bis (2- (2, 4-dif luorophenyl) pyridine) iridium (III) 
5 As shown in the Reaction Scheme (14) below, 

2- (2, 4-dif luorophenyl) pyridine (hereinafter abbreviated as 
"2, 4~F-PPy") was synthesized by a conventional method. That is, 
under argon stream, 8.69 g (55.0 mmol) of 2-bromopyridine was 
dissolved in 200 ml of dry tetrahydrof uran and cooled to -78°C. 

10 To this was dripped 38 . 7 ml (61.9 mmol) of a 1 . 6 M hexane solution 
of n-butyl lithium over 30 minutes. After completion of the 
dripping, further a solution of 7 . 5 g (55 . 0 mmol) of zinc chloride 
in 50 ml of dry tetrahydrof uran was dripped over 30 minutes . After 
completion of the dripping, the temperature of the mixture was 

15 slowly elevated to 0°C and 9.65 g (55.0 mmol) of 
l-bromo-2 , 4-dif luorobenzene and 2.31 g (2.0 mmol) of 
tetrakis (triphenylphosphine) palladium (0) were added thereto. 
The mixture was stirred for 6 hours under reflux and then 2 00 ml 
of saturated saline was added to the reaction mixture, followed 

2 0 by extraction of the reaction mixture with diethyl ether. After 
drying the extract, concentration and purification by column 
chromatography (silica gel; chlorof orm/hexane ) afforded 6.00 g 
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(31.4 nimol) of 2, 4-F-PPy colorless transparent oil. 
Identification was performed by elementary analysis of 1 H-NMR and 
CHN elementary analysis. 

1 H-NMR(270MHz / CDC1 3 ) , ppm : 8.71 (d, 1H) ,8.00 (td, 1H) , 7.8-7.7 (m, 
5 2H) , 7.3-7.2(lH), 7.1-6.8(m, 2H) . 

Elementary analysis Calcd: C 69.11, H 3.69, N 7.33. 

Found: C 68.98, H 3.80, N 7.31. 



Reaction Scheme (14) 



10 




Subsequently, as shown in the Reaction Scheme (15) below, 
bis (ja-chloro) tetrakis [2- (2, 4-dif uluorophenyl ) pyridine] 

diiridium (III) (hereinafter abbreviated as 

15 * [Ir (2, 4-F-PPy) 2 C1] 2 ") was synthesized by reacting 2, 4-F-PPy with 
sodium hexachloroiridate n-hydrate. That is, 0.96 g (5.0 mmol) 
of 2, 4-F-PPy and 1.00 g of sodium hexachloroiridate n-hydrate were 
dissolved in 40 ml of a 3:1 mixed solvent of 2-ethoxyethanol and 
water (by volume ratio) and argon gas was blown therein for 3 0 

20 minutes and the mixture was stirred for 5 hours under reflux. The 
formed precipitate was collected by filtration and washed with 
ethanol and then with a small amount of acetone, followed by drying 
in vacuum for 5 hours to obtain 0 . 79 g (0.65 mmol) of the objective 
[Ir (2, 4-F-PPy) 2 C1] 2 as yellow powder. Identification was 

25 performed by 1 H-NMR and CHN elementary analysis. 
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1 H-NMR( 270MHz, CDCl 3 ) , ppm : 9.12 (d, 4H) , 8.31 (d, 4H) , 7.83 (dd, 
4H) , 6.82 (dd, 4H) , 6.34 (ddd, 4H) , 5.29 (dd, 4H) . 
Elementary analysis Calcd: C 43.46, H 1.99, N 4.61. 

Found: C 43.39, H 2.03, N 4.55. 




Reaction Schme (15) 
F 



F F v 



2Na 3 lrCl 6nH 2 Q 
EtO-EtOH 




Then, (5- (hydroxymethyl) picolinato) bis 

(2- (2, 4-dif luorophenyl) pyridinate) iridium (III) (hereinafter 

10 abbreviated as "Ir (2, 4-F-PPy) 2 (5-HO-pic) ") was synthesized. 
That is, as shown in the Reaction Scheme (16) below, 10 ml of dry 
N, N-dimethylf ormamide (DMF) was added to a mixture of 121.6 mg 
(0.1 mmol) of [Ir (2, 4-F-PPy) 2 C1] 2 , 45.9 mg (0.3 mmol) of 
5-hydroxymethylpicolinic acid, and 106.0 mg (1.0 mmol) of sodium 

15 carbonate under argon stream and the mixture was stirred at 8 0°C 
for 2 hours. After adding 50 ml of water, the reaction mixture 
was extracted with ethyl acetate. After drying the obtained 
solution over magnesium sulfate, it was concentrated and purified 
by column chromatography (silica gel, methanol : chlorof orm = 1 : 1 9 

20 (by volume ratio) ) . Recrystallization from hexane/chlorof orm 
afforded 108.7 mg of Ir (2, 4-F-PPy) 2 (5-HO-pic) as yellow crystal. 
Identification was perf ormedby 1 H-NMR and CHN elementary analysis . 
1 H-NMR (270MHz, DMSO-d 6 ) , ppm : 8.54 (d, 1H) , 8.3-8.2 (m, 2H) , 
8.1-8.0(m, 4H) , 7.70(s, 1H) , 7.61(d, 1H) , 7.49(dd, 1H) , 7.32(dd, 

25 1H) , 6.9-6.7(m, 2H) , 5.71 (dd, 1H) , 5.46(dd, 1H) , 5.42 (t, 1H) , 
4.49(d, 2H) . 
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Elementary analysis Calcd: C 48.06, H 2.50, N 5.80. 

Found: C 48.05, H 2.54, N 5.86. 

Reaction Scheme(16) 




Next, ( 5- ( 4-bromophenylmethyloxymethyl ) picolinato ) 

bis (2- (2, 4~di f uluorophenyl ) pyridinate) iridium (III) 
(hereinafter abbreviated as "Ir (2, 4-F-PPy) 2 ( 4-BrP-MeO-pic) " ) 

10 was synthesized. That is, as shown in the Reaction Scheme (17) 
below, O.llg (O.lSmmol) of Ir (2, 4-F-PPy) 2 (5-HO-pic) was dissolved 
in a 10 ml DMSO solution having 28 mg (0.5 mmol) of KOH dissolved 
therein, and further to this solution was added 50mg (0.2mmol) 
of BBB, followed by stirring for 8 hours at room temperature. 

15 Then, 200 ml of dilute hydrochloric acid solution and 50 ml of 
chloroform were added to the reaction mixture and the obtained 
mixture was stirred vigorously. The chloroform layer was 
separated and dried over magnesium sulfate and the solvent was 
distilled off under reduced pressure . The obtained yellow residue 

20 was dissolved in dichloromethane and the solution was subjected 
to silica gel column chromatography with the dichloromethane as 
eluent to separate a pale yellow main product. Solution of this 
product was concentrated under reduced pressure and then a small 
amount of hexane was added thereto, followed by cooling to -20°C 

25 to obtain 44.8 mg (0.05 mmol) of the objective 
Ir (2, 4-F-PPy) 2 (4-BrP-MeO-pic) as pale yellow crystal . 
Identification was performed by 1 H~NMR and CHN elementary 
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analysis . 

X H-NMR (27 0MHz, DMSO-d 6 ) , ppm : 8.54 (d, 1H) , 8.3-8,2 (m, 2H) , 8.1-8.0 
(m, 4H), 7.70 is, IE), 7.61 (d, 1H) , 7.49 (dd, 1H) , 7.47 (m, 2H) , 
7.21 (m, 2H), 7.32 (dd, 1H) , 6.9-6.7 (m, 2H) , 5.71 (dd, 1H) , 5.46 
5 (dd, 1H) , 4.90 (s, 2H), 3.11 (s, 2H) . 

Elementary analysis Calcd: C 48.22, H 2.92, N 4.69. 

Found: C 48.18, H 2.94, N 4.73. 



Reaction Scheme (17) 

Br 




10 Then, ( 5- ( 4-dichloromethylsilylphenylmethyloxymethyl ) 

picoilinato) bis (2- (2, 4-duf luorophenyl ) pridinate) iridium (III) 
(hereinafter abbreviated as "Ir (2, 4-F-PPy) 2 ( 4-DCMPS-MeO-Pic) ") 
was synthesized. That is, as shown in the Reaction Scheme (18) 
below, a mixture of 3 . 6g (O.lSmmol) of magnesium and 50 ml of diethyl 

15 ether was stirred well, and thereto added dropwise was 15ml of 
a diethyl ether solution having 114mg (0 . 135mmol) of 
Ir (2, 4-F-PPy) 2 (4-BrP-MeO-pic) dissolved therein, followed by 
stirring for 12 hours . Further dropped thereto over 2 hours was 
100ml of a diethyl ether solution having 149mg (lmmol) of 

20 methyltrichlorosilane dissolved therein . After completion of the 
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dropping, the mixture was refluxed for 12 hours and cooled, 200ml 
of hexane was added to filter out purified salt, and the filtrate 
was condensedby a rotary evaporator . The obtained solid substance 
was dissolved in a small amount of dichloromethane and charged 
5 in silica gel column chromatography, followed by flowing 
dichloromethane therethrough to remove eluted impurities. 
Subsequently, flowing a dichloromethane/ ethyl acetate mixed 
solvent resulted in elution of a pale yellow complex, which was 
recovered and dried under reduced pressure, followed by 
10 recrystallization of the residue from dichloromethane/hexane 
mixed solution at -20°C to obtain 57 mg (0.065mmol) of 
Ir (2, 4-F-PPy) 2 ( 4-DCMPS-MeO-pic) as pale yellow solid. 
Identification was performed by 1 H-NMR and CHN elementary analysis . 

X H-NMR (270MHz, DMSO-d 6 ) , ppm : 8.54 (d, 1H) , 8.3-8.2 (m, 2H) , 8.1-8.0 
15 (m, 4H) , 7.70 (s, 1H) , 7.61 (d, 1H) , 7.49 (dd, 2H) , 7.46 (m, 2H) , 
7.22 (m, 2H) , 7.32 (dd, 1H) , 6.9-6.7 (m, 2H) , 5.71 (dd, 1H) , 5.46 
(dd, 1H) , 4.90 (s, 2H) , 3.11 (s, 2H) . 

Elementary analysis Calcd: C 47.74, H 3.14, N 4.51. 

Found: C 47.81, H 3.11, N 4.48. 

20 
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Example 3-2 : Polymerization of copolymer of 

Ir (2, 4-F-PPy) 2 ( 4-DCMPS-MeO-pic) /DCMPS 

Copolymer of Ir (2, 4-F-PPy) 2 (4-DCMPS-MeO-pic) and DCMPS was 
polymerized. That is, as shown in Reaction Scheme (19) below, 
a mixture of 230mg (lOmmol) of sodium and 20ml of toluene was heated 
to reflux and well stirred. Thereto dropped was 10 ml of a toluene 
solution having 35mg (0.04mmol) of 

Ir (2, 4-F-PPy) 2 (4-DCMPS-MeO-pic) and 7 65mg (4mmol) of DCMPS 
dissolved therein. After completion of the dropping, the mixture 
was refluxed for 60 hours and cooled, a mixed solution of 20 ml 
of hexane and 2 0ml of methanol was added and stirred for 1 hour. 
Then, 100 ml of dilute hydrochloric acid solution was added to 
the reaction mixture, the solvent layer was separated and dried 
over magnesium sulfate and the solvent was distilled off under 
reduced pressure. The obtained yellow residue was washed in 
acetone and vacuum-dried to obtain a target copolymer 73mg. 
Identification of the product was performed by Ir elementary 
analysis and GPC measurements. 
Elementary analysis: Ir 0.03, 

GPC (THF, polystylene standard) :Mw 8900, Mw/Mn=2.45. 
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Reaction Scheme (19) 




5 

Example 3-3: 

In the same manner as Example 2-3, conductive polymer layer 
PEDT/PPS was formed on a washed ITO-coated glass substrate. 
Thereon spin coated was a dichloroethane solution (lmass%) having 

10 mixed therein 70 mass% of the phosphrescent polysilane obtained 
in Example 3-2 and 30 mass% of oxadiazole derivative OXD-7 (product 
name, manufactured by Nihon SiberHegner K.K.) represented by 
formula (8) below. After sufficient drying, electrode 
Ca (lOnm) /Al { 150nm) was formed. Thus obtained device was sealed 

15 and properties were measured. Blue light emitted from a 
phosphorescent unit was observed, and the value of the external 
quantum efficiency was 5%. 
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INDUSTRIAL APPLICABILITY 

The phosphorescent polymer compound of the present 
invention, with chemical structural units having phosphorescent 
property being introduced in the polymer chains of silicone -base 
polymer, is stable and exhibits ultra-high efficiency in 
phosphorescence emission, especially blue phosphorescence 
emission . 

Moreover, the organic EL device of the present invention, 
which is fabricated by wet-coating method using solution, 
realizes large-area display panel, high luminous efficiency and 
longer operating life, and therefore preferably applicable to 
information display panel having a larger-area, lighting 
apparatus and the like. 
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CLAIMS 



1. A phosphorescent polymer compound comprising a 
phosphorescent unit having phosphorescent property and a 
repeating unit represented by formula (1) : 



-Si- 
X 2 



(D 



wherein X 1 and X 2 independently represent a hydrogen atom, a halogen 
atom, an alkyl group, an alkoxy group, an amino group, a cyano 
10 group, a carboxyl group, a carbonyl group, a hydroxyl group, an 
aryl group which may be substituted, an aryloxy group which may 
be substituted or a heteroaryl group which may be substituted. 

2. The phosphorescent polymer compound as claimed in claim 
15 1, wherein the number of the phosphorescent unit (m) and the number 
of the repeating unit represented by formula (1) (n) have the 
following relationship : 0.0001 ^ m/ (m+n) ^ 0.5. 



3. The phosphorescent polymer compound as claimed in claim 
2 0 1 or 2, wherein the phosphorescent unit is a unit having an organic 
phosphorescent group in the side chain and represented by formula 
(2) below: 

r3 



-Si 
A 



(2) 



25 wherein X 3 represents a hydrogen atom, a halogen atom, an alkyl 
group, an alkoxy group, an amino group, a cyano group, a carboxyl 
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group, a carbonyl group, a hydroxyl group, an aryl group which 
may be substituted, an aryloxy group which may be substituted or 
a heteroaryl group which may be substituted, and A represents an 
organic phosphorescent group. 

5 

4. The phosphorescent polymer compound as claimed in any one 
of claims 1 to 3, wherein the phosphorescent unit has a complex 
structure of transition metal or rare-earth metal. 

10 5. The phosphorescent polymer compound as claimed in any one 
of claims 1 to 4, which is soluble in organic solvent or water. 

6. The phosphorescent polymer compound as claimed in any one 
of claims 1 to 5, having a polymerization degree of 5 to 5000. 

15 

7. A light-emitting material comprising the phosphorescent 
polymer compound as claimed in any one of claims 1 to 6. 

8. The light-emitting material as claimed in claim 7, which 
2 0 further contains an organic compound having electron transporting 

property. 

9. An organic electroluminescent (EL) device comprising one 
or more organic polymer layers between an anode and a cathode, 

25 wherein at least one of the organic polymer layers comprises the 
light-emitting material as claimed in claim 7 or 8 . 

10. The organic EL device as claimed in claim 9, wherein the 
anode is formed on a plastic substrate. 

30 

11. The organic EL device as claimed in claim 9 or 10, wherein 
the organic polymer layer (s) is (are) formed by a coating method. 
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12. An active-matrix display apparatus comprising the organic 
EL device as claimed in any one of claims 9 to 11 and a thin film 
transistor. 
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